T HE SOILS in Bahariya Oasis are promising for land reclamation projects due to their location and availability of groundwater resources for crop irrigation. The objectives of this work were to evaluate land capability of soils in Bahariya Oasis and to make an assessment of their suitability for certain crops. For this purpose, 31 geo-referenced soil profiles were dag, field described and classified. Also, 68 soil samples were collected from these profiles and analyzed for their physical and chemical properties. Water samples were also collected from irrigation wells and analyzed for their chemical quality parameters. Land evaluation was carried out using the Agriculture Land Evaluation System for arid and semi-arid regions (ASLEarid).
Introduction
Bahariya Oasis is a great depression in the Western Desert of Egypt. Soils in that oasis have a great potential for land reclamation projects due to their location and availability of good quality groundwater for crop irrigation (Elnaggar, 2014) . Accordingly, the capability of these soils for agricultural production has to be evaluated and their suitability for certain potential crops has to be tested.
Many systems have been developed for evaluating agricultural limitations that affect land capability under the prevailing conditions. All systems aim to gain better knowledge and understanding of the soil properties and defining limitations affecting their agricultural potentialities. Accordingly, land evaluation is a knowledge-based system; therefore it requires an extensive knowledge and different conditions to be fulfilled. This can be done automatically by using land evaluation systems such as ALES, LECS and GIS (Sys et al., 1991 and Ganzorig, 1995) .
The most widely used categorical systems for evaluating agricultural land is termed land capability classification. The capability classification provides three major categories of soil grouping: classes, subclasses and units (FAO, 2007) . This system contains seven capability classes. These classes are groups of land units according to their degree of limitations and the risks of soil damage. The limitations increase progressively from class one to class seven.
The second "land suitability" is defined as "the fitness of a given type of land for a specified kind of land use, under its present condition (actual suitability) or after improvement (potential suitability)" (Mousa, 2010) . Land suitability also defined as "the fitness of a given type of land for a defined use" (FAO, 2006) . The general classification of land suitability was proposed by the FAO. This classification is universally accepted for the purposes of land use planning, primarily in the developing countries. Two suitability orders are distinguished in this system, which are: suitable (S) and unsuitable (N). The first order (S) is subdivided into very suitable (S1), moderately suitable (S2), and marginally suitable (S3). The second order (N) is subdivided into currently unsuitable (N1) and permanently unsuitable (N2). A land suitability map illustrates the suitability of each soil map unit (SMU) for certain type of land use.
The main objectives of this work were to evaluate land capability of soils in Bahariya Oasis and to make an assessment of their suitability for certain crops. Developing land capability and suitability maps of soils in Bahariya Oasis will help in establishing a decision making framework for future planning of the that region.
Material and Methods

Site description
Bahariya Oasis covers an area of about 2100 km 2 and it is located between latitudes 27° 48' -28° 30' N and longitudes 28° 35' -29° 10' E as represented in Fig. 1 (Salem ,1980 & 1987 and Khalifa et al., 2006 .
Fig.1. Location map of Bahariya Oasis and its topography
Physiographic units and filed work Spot 4 images (acquired in 2011) and digital elevation model of the Oasis (developed from the SRTM data) were used to define the physiographic map in the studied area. Three physiographic units were developed, which are: 1) plains, 2) depression floor with low, moderately high and high lands, and 3) pediment as illustrated in Fig. 2 . Thirty -one soil profiles were selected to represent the identified physiographic units. The exact locations of these profiles were precisely defined by using the Global Positioning System (GPS). The spatial distribution of these soil profiles is illustrated in Fig. 2 . Soil profiles were described in the field according to procedures described by the USDA-NRCS (2002) and they were classified according to U.S. soil taxonomy (Soil Survey Staff, 2010) . A total of 68 soil samples, representing the different soil horizons of the selected profiles were collected, air-dried, crushed to pass through 2 mm sieve, and stored for physical and chemical analyses.
Soil and water analyses
Soil physical and chemical analyses were carried out according to the methods described by the Soil Survey Staff (2014). In addition, chemical analyses of water samples were performed using the same methods.
Land capability and suitability evaluation
Land capability and suitability evaluation was carried out using the Agriculture Land Evaluation System for arid and semi-arid regions (ASLEarid) which has been developed by Ismail et al. (2005) . This model is integrated as an extension with ArcGIS software package to facilitate the calculation of the final soil capability index and suitability classes for certain crops. It takes into account three major factors: soil physical and chemical characteristics, soil fertility status, and irrigation water quality. It helps in calculating land capability indices and in the assessment of soil suitability for various crops. It also displays the output results in simple and handy maps that show the spatial distribution of each index and land suitability for certain crop all over the studied area. Land capability maps for the studied area were developed based on the produced soil map for the oasis. Tables 1 and 2 show soil physical and chemical soil properties of some representative soil profiles for SMUs in the studied area. Total sand varied from 41.48 to 91.79 %, silt ranged between 4.86 and 30.42%, and clay varied from 3.05 to 28.73%. Soil texture ranged between clay loam and sandy, which is the dominant texture. Total carbonate ranged between 2.06 to 19.53 %, with an average of 6.26%. Soils were poor in their content of organic matter (0.14 to 1.57 %, with an average of 0.74%). Saturation percentage (SP) varied from 22 to 47 %, with an average of 32%.
Results and Discussions
Soil physical and chemical properties
Sodium was the predominant cation in all horizons followed by calcium and magnesium (111, 42, and 26 .65 meq L -1 in average, respectively). On the other hand, chloride was the dominant anions followed by sulfates and bicarbonate (106, 68.32, and 5.57 meq L -1 in average, respectively). Soil pH ranged between 7.12 and 8.80 (7.92 in average). Soils were very saline, where the electrical conductivity (EC) varied from 2.10 to 46.30 with an average of 17.78 dS m -1 . Cation exchange capacity (CEC) varied from 2.71 to 20.05 (10.52 meq/ 100 g soil in average). Exchangeable sodium percentage (ESP) varied from 11.79 to 14.65 (12.96 in average). Gypsum content ranged between 1.05 to 6.14% (3.67% in average). Available nitrogen ranged between 15.30 and 66.80 ppm (38.33ppm in average). Available phosphorous varied from 2.37 to 18.17 ppm (10.42 ppm in average). Available potassium ranged between 78 and 264 ppm (168 ppm in average). The C/N ratio varied from 1.55 to 42.5 with an average of 16.04.
Land capability indices
Soil index Soil index was evaluated based on eleven soil parameters, which are: clay content, available water (AW), hydraulic conductivity (Ks), soil depth (SD), groundwater depth, pH, total carbonates, gypsum, exchangeable sodium percentage (ESP), cation exchange capacity (CEC), and electrical conductivity (EC). Soils in the studied area set in four classes according to their soil index as represented in Fig. 3 . These classes are good (C2), fair (C3), poor (C4), and very poor (C5), which represent about 0.4, 26.6, 57.3, and 5.8 % of the studied area, respectively. 
Fig. 3. Spatial distribution of soil index, fertility index, and land capability in Bahariya Oasis
Fertility index Fertility index was evaluated based on four fertility parameters, which are organic matter (OM) and available nitrogen (N), phosphorous (P), and potassium (K). Soil fertility of the studied soils were located within two classes, which are poor (C4) and very poor (C5) index as illustrated in Fig. 3 . Poor soils represent about 84.3% of the studied area, whereas very poor soils represent about 5.8% of the area.
Water index
Water index was evaluated based on the values of sodium (Na + ), chloride (Cl -), boron, sodium adsorption ratio (SAR), and electrical conductivity (EC) in irrigation water. Water index of the studied area indicates that irrigation water was excellent (C1) in its quality.
Final index
The land capability index was calculated from the above mentioned indices. Soils of the studied area were set in three capability classes, which are good (C2), fair (C3) and poor (C4) as shown in Fig. 3 . Land capability degrees ranged between (39.36 to 60.64%). Good soils represent about 0.4 % of the studied area, where fair and poor soils represent about 64.8 and 24.9 %, respectively. Soil index was calculated for each soil map unit as represented in Table 3 . According to ASLEarid, the studied area was classified into three capability classes: 1-Soils with Good (C2) land capability: This class is represented by only one soil map unit (10). Soils in this class have minor limitations, which require good on going management practices or slightly restrict the range of crops, or both. Soil map unit in this class has fair soil index (64.15%), mostly affected by the lower values of available water and cation exchange capacity (CEC) of these soils. Soil fertility of these soils were also low (soil fertility index was 43.99 %), mainly due to lower content of soil organic matter and available phosphorus. These limitations are considered as nonpermanent limitations. Accordingly, these soils need slightly good management practices to improve its current situation.
2-Soils with fair (C3) land capability:
This class included most of soil map units in the studied area; these units are 2, 3, 4, 5, 6, 8, 9 and 11. Soils in this class have limitations that require moderately intensive management practices or moderately restrict the range of crops, or both. These soil map units have low fertility index, which varied from (22.39 -35.89%). They also have poor soil index (21.49 -38.96%) for SMUs (2, 4, 6 and 11) and fair soil index (40.04 -51.22%) for SUMs (3, 5, 8 and 9) . However, all of these SMUs don't have permanent limitations, so the current capability of these SMUs can be changed to be "Good" with moderately intensive management practices.
3-Soils with poor (C4) land capability: This class
included soil map units 1 and 7. Soils in this class have limitations that require special management practices or severely restrict the range of crops, or both. These soil map units have some limitations such as texture, salinity, available water, hydraulic conductivity and fertility because it has low soil index (18.85 -26.67%) and fertility index (15.85 -23.01%). These soils require good and proper management. However, the limitations in these soil map unit are non-permanent. Therefore, with good management practices, the class of these soil map units could be improved to be "Fair or Good".
Land suitability classification
ASLEarid software was used as a Decision Support System (DSS) based on the dominant soil characteristics that limit the soil suitability for certain land use. Soil suitability of a soil component (unit) was assessed through the maximum limitation method. Soil suitability was assessed for twenty traditional crops, which were classified into three categories as follows: Field crops (wheat, barely, peanut, maize, faba bean, sugar beet, sunflower, and alfalfa), Vegetable crops (tomato, watermelon, onion, pea, pepper, and potato) , Fruit trees (date palm, olive, grape, fig, citrus , and pear).
Spatial distribution of land suitability for each crop was represented using the ArcGIS software as illustrated in Fig. 4 to 8. Tables 4 to 6 show that this map unit is moderately suitable (S2) for tomato and potato. It is marginally suitable (S3) for wheat, barely peanut, sugar beet, alfalfa and watermelon; conditionally suitable (S4) for maize, faba bean, sun flower, onion, pea, and pepper; and actually unsuitable (NS2) for date palm, olive, grape, fig, citrus and pear. Non-suitable area(s) was due to soil depth restrictions, which can be modified through management practices. Digging pits under fruit trees is one of the common practices in these areas.
SMU1: Data in
SMU2:
This map unit is moderately suitable (S2) for tomato and potato; marginally suitable (S3) for wheat, barely peanut, sugar beet, maize, alfalfa and watermelon; and conditionally suitable (S4) for faba bean, sun flower, onion, pea and pepper. Also, it is actually unsuitable for date palm, olive, grape, fig, citrus 
Conclusion
It could be concluded that the Agriculture Land Evaluation System for arid and semi-arid region (ASLEarid) was very effective in evaluating land capability and suitability in Bahariya Oasis. According to that model, soils in the studied area were set in three capability classes, which are good (C2), fair (C3) and poor (C4). Poor land capabilities were mainly associated with poor soil texture, high salinity, low available water, high hydraulic conductivity and low fertility.
Land suitability for the selected field crops and vegetables varied from highly suitable (S1) to conditionally suitable (S4). On the other hand, land suitability for the selected fruit trees ranged from highly suitable (S1) to actually unsuitable (NS2). Non-suitable areas for fruit trees were mainly due to soil depth restrictions and high salinity, which can be modified through the proper land management practices.
In conclusion, soils in Bahariya Oasis could have a promising future for agricultural expansion projects, where soil limitations for crop production in Bahariya Oasis are none -permanent. These limitations can be improved if both suitable reclamation methods and appropriate management practices were applied.
